criteria using only fasting glucose concentration and the OGTT criteria for diagnosing DM; they reported that of 503 subjects with NFG, 176 had IGT and 20 had a diabetic glucose tolerance level. 7 In addition, subjects with isolated post-challenge hyperglycemia (120-min post-challenge hyperglycemia during an OGTT with NFG) have an increased risk of cardiovascular disease. 8, 9 The use of fasting glucose alone for diagnosis of DM fails to identify subjects with isolated post-challenge hyperglycemia who are at high risk for cardiovascular disease.
The relationship between isolated post-challenge hyperglycemia and neointimal hyperplasia after coronary stent implantation is still unclear. Hanefeld et al have reported that the carotid intima -media thickness (IMT) in patients with isolated post-challenge hyperglycemia during an OGTT is greater than that in non-diabetic patients and that 120-min post-challenge glucose levels correlated more closely than fasting plasma glucose concentrations with the carotid IMT. 10 We hypothesized that patients with isolated post-challenge hyperglycemia during an OGTT might have more risk for late restenosis after coronary stent implantation than those with normal glucose tolerance and the purpose of this study was to clarify the influence of isolated post-challenge hyperglycemia on neointimal hyperplasia at the stented lesions in patients with NFG. patients with 168 lesions underwent coronary stent implantation at Seiyu Memorial Hospital. We studied 47 lesions from 40 patients with a fasting plasma glucose <110 mg/dl. Exclusions included (1) patients with previously treated DM (oral hypoglycemic agents or insulin); (2) restenosed lesions; (3) lesions with chronic total occlusion; (4) ostial or bifurcational lesions; and (5) patients who were unwilling to undergo the follow-up angiography approximately 6 months after the coronary stent implantation. There were 27 men and 13 women (mean age, 59±13 years). The study was approved by the institutional Ethics Committee and written informed consent was obtained from all patients.
Body mass index (BMI) was calculated and a 75-g OGTT was carried out by all 40 patients before follow-up angiography. After fasting overnight, each patient supplied blood samples at baseline and 30, 60, and 120 min after the glucose load. The study group was divided into 2 subgroups on the basis of the results: 24 patients with 29 stented lesions had normal glucose tolerance (NGT group) and 16 patients with 18 stented lesions had abnormal glucose tolerance (AGT group). Normal or abnormal glucose tolerance was determined by World Health Organization diagnostic criteria for DM: 11 for the NGT group, 120-min plasma glucose concentration after the glucose load <140 mg/dl; for AGT group, 120-min plasma glucose concentration after the glucose load ≥140 mg/dl. The sum of plasma glucose ( Plasma glucose = fasting plasma glucose + 30-min plasma glucose + 60-min plasma glucose + 120-min plasma glucose) was calculated. The fasting immunoreactive insulin concentration and the sum of insulin ( Insulin = fasting insulin + 30-min insulin + 60-min insulin + 120-min insulin) were also measured. Homeostasis model assessment insulin resistance (HOMA-R) was calculated as (fasting plasma glucose × fasting insulin)/405. 12 Plasma glucose concentrations were measured by an enzymatic method using QuickAuto II GLU-HK(s) (Shino-Test, Tokyo, Japan), and the immunoreactive insulin concentrations were measured by radioimmunoassay using Insulin Riabead II (Dainabot, Tokyo, Japan). Analyses of lipid concentration were performed at the same time: total cholesterol (TC) and triglyceride (TG) concentrations were measured by enzymatic methods using L type Wako Cholesterol and L type Wako TG·H, respectively (both from Wako Pure Chemical Industries, Osaka, Japan); the concentrations of low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) were also measured by enzymatic methods using Cholestest LDL and Cholestest N HDL, respectively (both from Daiichi Pure Chemicals, Tokyo, Japan).
Implantation of Stent and Follow-up Angiography
Stent implantation was performed according to standard protocols and in all cases conventional balloon angioplasty was the only procedure performed before stent placement. Balloon size and pressure were at the surgeon's discretion. Multiple stents were deployed if necessary to cover the full extent of the target lesion or a dissection if it occurred. Adequacy of the final result was based solely on angiographic assessment. All patients received 162 mg of aspirin and 200 mg of ticlopidine, the latter for at least 4 weeks. Follow-up angiography was performed 6.0±0.8 months after stenting.
Coronary Angiographic Evaluation
Quantitative angiographic analysis was performed using a caliper method with the contrast-filled, nontapered catheter tip as the calibration. The measurements were done before coronary intervention and immediately after stent placement, and on the angiogram recorded at follow-up. Coronary reference segments were selected from sites both proximal and distal to the lesion, showing a smooth edge on contour with homogeneous filling of contrast medium. The reference diameter of the vessel, the minimal lumen diameter (MLD), the degree of stenosis expressed as a percentage of the diameter of the vessel, and the lesion length were calculated. The reference diameter was determined by the mean of the proximal and distal references of the stenotic lesion. The balloon/artery ratio was calculated as diameter of the inflated balloon divided by the coronary reference diameter. Acute gain was defined as MLD immediately after stent implantation minus MLD before intervention, and the percentage of acute gain was defined as the degree of stenosis immediately after stent implantation minus the degree before intervention. Late loss was calculated as MLD immediately after stent implantation minus MLD at follow-up, and the loss index was calculated as late loss divided by acute gain. Net gain was calculated as MLD at follow-up minus MLD before intervention. Restenosis was defined as stenosis of 50% or more at follow-up examination. To avoid inter-and intra-observer differences, angiograms were analyzed by at least 3 experienced angiographers who were unaware of the OGTT results.
Data Analysis
Categorial variables are reported as counts (percentage) and continuous variables as means ± SD. Differences in categorical variables were analyzed by the chi-square test with Yate's correction or the Fisher exact probability test, and differences in continuous variables were analyzed by the Mann-Whitney U-test. Clinical, angiographic, and procedural characteristics were determined by a lesion-based analysis. Previous studies have shown that luminal renarrowing in stented lesions occurs at independent rates within the same patient when multiple lesions are dilated. 13 Multivariate regression analysis was used to determine the factors that correlated well with late loss, MLD and the degree of stenosis on the follow-up angiogram. Factors with a p<0.10 in linear regression analysis were entered into the multivariate model. Statistical significance was defined as a p<0.05.
Results
The patients' clinical characteristics and laboratory results are shown in Table 1 . There were no differences in the clinical characteristics (ie, sex, age, hypertension, hyperlipidemia, previous myocardial infarction, acute myocardial infarction, and medications) except for current smoking, which was significantly greater in the AGT group (p=0.02). No differences were seen in TC, HDL-C, LDL-C and TG between the 2 groups. Although there were no differences in fasting plasma glucose, 30-min plasma glucose, fasting insulin, 30-min insulin, 60-min insulin, and Insulin between the 2 groups, 60-min plasma glucose, 120-min plasma glucose, Plasma glucose, and 120-min insulin were significantly greater in the AGT group. There was no significant difference in HOMA-R between the 2 groups. Table 2 shows the angiographic characteristics before and immediately after stent implantation. There were no differences between the 2 groups in target vessel, modified ACC/AHA lesion classification, 14 the number of diseased vessels, reference diameter, lesion length, MLD before procedure, the degree of stenosis before procedure, stent type, the number of implanted stents, balloon/artery ratio, and maximal balloon inflation pressure. After stent implantation, there were also no differences in MLD, the degree of stenosis, and acute gain between the 2 groups.
The angiographic measurements at follow-up are shown in Table 3 . There was no difference in reference diameter between the 2 groups, but the MLD in the AGT group was significantly smaller than that in the NGT group (p=0.04), and the degree of stenosis at follow-up in the AGT group was significantly greater (p=0.01). Late loss in the AGT group was significantly greater than in the NGT group (p=0.047), and net gain in the AGT group was significantly smaller than that in the NGT group (p=0.04). Factors that tended to correlate with late loss, MLD at follow-up, and the degree of stenosis at follow-up in linear regression analysis (p<0.10) were entered into the multivariate regression analysis (Table 4) . Lesion length, maximal inflation pressure, and TG concentration significantly correlated with the late loss only (p=0.0299, p=0.0272, and p=0.0479, respectively). The degree of stenosis immediately after stenting correlated only with the degree of stenosis at follow-up (p=0.0197). The 120-min plasma glucose concentration significantly correlated with not only late loss (p=0.0018), but also the degree of stenosis at followup (p=0.0100), and moreover had a tendency to correlate with MLD at follow-up (p=0.0751).
Discussion
In this study, which only enrolled patient with NFG (<110 mg/dl), we demonstrated that greater late loss and greater degree of stenosis at the site of stent implantation occurred in the AGT group, defined by an OGTT, than in the NGT group, and that the AGT group had a trend of higher rates of restenosis and TLR than the NGT group.
Because stents do not recoil and in-stent restenosis is the result of neointimal proliferation, 2 our results indicate that exaggerated neointimal hyperplasia in stented lesion occurrs in patients with AGT.
Otsuka et al have reported that an important determinant for long-term prognosis after coronary balloon angioplasty is the presence of AGT, 15 and recently, Takagi et al reported that patients with IGT defined by an OGTT had greater neointimal tissue proliferation after coronary stent implantation than those with NGT; however, their study included patients with a fasting plasma glucose <126 mg/dl (ie, patients with NFG and IFG). 16 Ko et al have reported that subjects with IFG progress to DM more frequently than those with NFG, and that IFG status is an independent risk factor for progression to diabetes. 17 In the present study, we excluded patients with IFG, and our study is the first to demonstrate that the NFG patients with AGT have more exaggerated neointimal hyperplasia in the stented lesion compared with the NFG patients with NGT; that is, abnormal glucose metabolism that cannot be detected by only measuring the fasting plasma glucose concentration might progress the in-stent restenosis independently of other risk factors.
The 120-min plasma glucose concentration had a strong positive association with late loss and the degree of stenosis at follow-up, and had a tendency to associate with MLD at follow-up. In other words, there was a positive correlation between 120-min plasma glucose concentration and neointimal hyperplasia in the stented lesion. It has been reported that carotid IMT in patients with isolated postchallenge hyperglycemia during an OGTT is greater than that in non-diabetic patients and that 120-min post-challenge glucose concentration correlated more closely to carotid IMT than fasting plasma glucose concentration. 10 The Diabetes Intervention Study (DIS) indicated that post- prandial hyperglycemia, but not fasting hyperglycemia, was an independent risk factor for myocardial infarction based on an 11-year follow-up study of 1,139 patients with newly diagnosed non-insulin-dependent DM. 18 Furthermore, the DECODE (Diabetes Epidemiology: Collaborative analysis Of Diagnostic criteria in Europe) Study Group found that the plasma glucose concentration at 120-min after an OGTT was a better predictor of death from cardiovascular disease than was the fasting plasma glucose. 19 These previous studies suggest more rapid progression of coronary atherosclerosis in patients with postprandial hyperglycemia and we have also demonstrated that the degree of neointimal hyperplasia in stented lesions might depend on the postprandial glucose concentration in patients with NFG. It appears that isolated postprandial hyperglycemia accelerates not only the long-term progression of coronary atherosclerotic change, but also the acute hyperplastic response to the vessel injury that accompanies stent implantation. Management of the postprandial glucose concentration in patients who undergo stenting of a coronary artery might be important to prevent exaggerated neointimal hyperplasia in the stented lesion even if the fasting glucose concentration is normal. There are several mechanisms that induce an exaggerated neointimal hyperplasia in the hyperglycemic state. First, production of advanced glycosylation end products (AGEs) in the exposed vessel wall could be accelerated by high glucose concentration. AGEs can mediate inflammatory cell recruitment and activation, and stimulate smooth muscle cell proliferation and abnormal matrix production. 20, 21 Moreover, AGEs have been shown to rapidly inactivate endothelium-derived relaxing factor, which inhibits smooth muscle cell proliferation. 22, 23 Second, hyperglycemia itself could affect the expression of several growth factors, such as basic fibroblast growth factor and transforming growth factor-alpha, which induce the proliferation of smooth muscle cells and extracellular matrix synthesis. 24, 25 In addition, hyperglycemia could result in a decrease in the de novo synthesis of extracellular matrixassociated heparan sulfate, which is a potent inhibitor of smooth muscle cell proliferation and plays an important role in the regulation of smooth muscle cell growth in injured arteries. [26] [27] [28] [29] Decreased heparan sulfate concentration could result in a loss of tonic growth inhibition and facilitation of smooth muscle cell proliferation.
Several recent studies have demonstrated that hyperinsulinemia during an OGTT is a predictor for restenosis after coronary angioplasty, 16, 30, 31 and physiologic concentrations of insulin are known to stimulate the proliferation of cultured smooth muscle cells and fibroblasts. 32, 33 Although insulin itself is a poor mitogen, it can potentiate the expression of more potent mitogens such as platelet-derived growth factor and insulin-like growth factor. 34, 35 In the present study, the 120-min insulin concentration during an OGTT in the AGT group was significantly higher than in the NGT group, but in multiple regression analysis, there were no associations between all insulin concentrations during an OGTT and the parameters representing neointimal hyperplasia. Secretion of intrinsic insulin from the pancreas changes according to the phase of the glucose metabolic disorder and in general, the circulating insulin concentration in patients with IGT is high. However, the present AGT group included not only IGT but also DM because the definition of the group was a 120-min plasma glucose concentration during an OGTT of ≥140 mg/dl. The tendency of insulin secretion in the AGT group was not homogeneous and it is possible that there would have been significant associations between any insulin concentration and the parameters of neointimal hyperplasia if we had excluded the patients with DM. Cigarette smoking impairs endothelial function and is one of the major risk factors for atherosclerosis and coronary heart disease. 36, 37 We found in the present study that the patients with AGT had a significantly greater history of current smoking than those with NGT. Nakanishi et al have reported that current smokers have a significantly greater risk developing impaired fasting glucose and type 2 DM, and its risk is associated with the number of cigarettes smoked daily and the number of pack-years of exposure. 38 Recently, Ko et al demonstrated that male smokers had higher plasma glucose concentrations 60 min after an OGTT and more incidence of DM than male non-smokers. 39 Although there is no evidence that cigarette smoking contributes to an adverse clinical outcome after coronary intervention, [40] [41] [42] it is possible that it may be indirectly related to the restenosis after coronary stent implantation through development of AGT.
Study Limitations
There are some potential limitations in this study. First, it was a single-center study with a relatively small number of patients. Second, quantitative angiographic analysis was not performed using computer-assisted. Howevr, the measurement was always repeated and evaluated by at least 3 experienced angiographers, and we believe that an error of measurement is unlikely to have influenced the results. Third, we did not directly measure the area of the neointimal hyperplasia in the stented lesions using serial intravascular ultrasound (IVUS), but we did use 3 parameters (late loss, MLD at follow-up, and the degree of stenosis at follow-up) that are thought to express the degree of the neointimal hyperplasia in stented lesions. We analyzed the participation of various clinical characteristics to those 3 parameters in multiple regression analysis. We are firmly persuaded that there is no advantage of IVUS against the certain added cost and risk related to that technique. Fourth, our study included patients with acute myocardial infarction whose target lesions have some amount of thrombus that might influence smooth muscle cell proliferation. 43 However, there was no significant difference in the incidence of acute myocardial infarction between the 2 study groups, and acute myocardial infarction had no association with late loss, MLD at follow-up, or the degree of stenosis at follow-up in regression analysis. It is unlikely that our results would change if we excluded the patients with acute myocardial infarction. Fifth, we used various types of stents and so a further study using a single type of stent is necessary to minimize the influence of the properties of the stent.
Conclusions
Isolated hyperglycemia 120 min after an oral 75-g glucose load exaggerates neointimal hyperplasia after coronary stent implantation in patients with NFG. Clinicians need to be aware of postprandial hyperglycemia in patients after coronary stenting therapy and should manage it, even if the patient has NFG, in order to prevent exaggerated neointimal hyperplasia in the stented lesions.
